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AUTOGENEOUS FRICTION STIR WELD LACK-OF-PENETRATION DEFECT 
DETECTION AND SIZING USING DIRECTIONAL CONDUCTIVITY 
MEASUREMENTS WITH M\fyM EDDY CURRENT SENSOR 

Neil Goldfine, Vladimir Zilberstei, and Ablode Lawson 
JENTEK Sensors, Inc. 

200 Dexter Avenue 
Watertown, MA 02472 

David Kinchen, William Arbegast 
Lockheed Martin Michoud Space Systems, 

New Orleans, LA 

A1 2195-T8 plate specimens containing Friction Stir Welds (FSW), provided by 
Lockheed Martin, were inspected using directional conductivity measurements with the 
MWM sensor. Sensitivity to lack-of-penetration (LOP) defect size has been 
demonstrated. The feature used to determine defect size was the normalized longitudinal 
component of the MWM conductivity measurements. This directional conductivity 
component was insensitive to the presence of a discrete crack. This permitted correlation 
of MWM conductivity measurements with the LOP defect size as changes in conductivity 
were apparently associated with metallurgical features within the first 0.020 in. of the 
LOP defect zone. Transverse directional conductivity measurements also provided an 
indication of the presence of discrete cracks. Continued efforts are focussed on 
inspection of a larger set of welded panels and further refinement of LOP characterization 
tools. 
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Autogeneous Friction Stir Weld LOP Defect 
Detection and Sizing Using Directional 




Objective 
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MWM™ Measurements 
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MWM™ Probe and Replaceable 
MWM™-Array Sensor Tips 



Representative Measurement Grids 
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and MWM-Array Probes 
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lew Portable JENTEK Mini-GridStation 
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MWM-Array On-Line 
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Future Efforts 

> Customization of an MWM- Array for scanning of FSW 
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MWM Probe and Scan Orientations Relative to Weld Axis 





MWM Probe and Scan Orientations Relative to Weld Axis 
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MWM Sensor Response 

( Minimum Center Region Normalized Conductivity) as a 
Function of Lack of Penetration Defect Thickness 
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Normalized 2-Dimensional MWM Image of Specimen 
LM60-07-A2, at 250kHz, with MWM Longer Winding 

Segments Parallel to Weld Axis 
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Normalized 2-Dimensional MWM Image of Specimen 
LM60-07-A2, at 250kHz, with MWM Longer Winding 

Segments Parallel to Weld Axis 








Normalized 2-Dimensional MWM Image of Specimen 
LM60-07-D1 , at 250kHz, with MWM Longer Winding 

Segments Parallel to Weld Axis 
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Normalized 2-Dimensional MWM Image of Specimen 
LM60-07-D1 , at 250kHz, with MWM Longer Winding 

Segments Parallel to Weld Axis 






Normalized 2-Dimensional MWM Image of Specimen 
LM60-07-D1, at 250kHz, with MWM Longer Winding 
Segments Perpendicular to Weld Axis 
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Normalized 2-Dimensional MWM Image of Specimen 
LM60-07-D1 , at 250kHz, with MWM Longer Winding 
Segments Perpendicular to Weld Axis 






Normalized 2-Dimensional MWM Image of Specimen 
LM60-07-I2, at 250kHz, with MWM Longer Winding 
Segments Parallel to Weld Axis 






Normalized 2-Dimensional MWM Image of Specimen 
LM60-07-I2, at 250kHz, with MWM Longer Winding 
Segments Parallel to Weld Axis 





Normalized 2-Dimensional MWM Image of Specimen 
LM60-07-I2, at 250kHz, with MWM Longer Winding 
Segments Perpendicular to Weld Axis 






Normalized 2-Dimensional MWM Image of Specimen 
LM60-07-I2, at 250kHz, with MWM Longer Winding 
Segments Perpendicular to Weld Axis 




Normalized 2-Dimensional MWM Image of Specimen 
LM60-07-N1, at 250kHz, with MWM Longer Winding 

Segments Parallel to Weld Axis 
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Normalized 2-Dimensional MWM Image of Specimen 
LM60-07-N1 , at 250kHz, with MWWI Longer Winding 

Segments Parallel to Weld Axis 
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Normalized 2-Dimensional MWM Image of Specimen 
LM60-07-N1, at 250kHz, with MWM Longer Winding 
Segments Perpendicular to Weld Axis 
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Normalized 2-Dimensional MWM Image of Specimen 
LM60-07-N1, at 250kHz, with MWM Longer Winding 
Segments Perpendicular to Weld Axis 





Conclusions 
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